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METHODS OF TREATING AND PREVENTING COLITIS INVOLVING 
IL-13 AND NK-T CELLS 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a method of treating or preventing colitis 
by modulating the colitis>inducing effects of the cytokine interleukin-13 0L-1 3). The 
invention also relates to a method of treating or preventing colitis by modulating the 
colitis-inducing eifects of NK-T cells. Further provided is a method for screening 
substances for their efiecttveness in reducing the inflammatory response of colitis and 
preventing colitis in a mouse model. 

Background Art 

All references, including any patents or patent applications, cited in this 
specification are hereby incorporated by reference. No admission is made that any 
reference constitutes prior art The discussion of the references states what their authors 
assert, and the applicants reserve the right to challenge the accuracy and pertinency of 
the cited documents. It will be clearly understood that, although a number of prior art 
publications are referred to herein, this reference does not constitute an admission that 
any of these documents forms part of the common general knowledge in the art» in 
Australia or in any other country. 

Human inflammatory bowel diseases (IBDs), Crohn's disease (CDX and 
ulcerative colitis (UC), are believed to be due to an abnormal mucosal T cell 
responsiveness to bacterial antigens in the gut lumen (Sartor, 1 995). In CD, the 
responding T cells exhibit a ThI phenotype and thus produce large amounts of 
interferon^Y (IFN-y) and tumor necrosis factor <TNF-a). IL-12 secretion, the driving 
force of ThI differentiation is also increased (Parronchi et al., 1997). In UC, the 
responding T cell is less well defmed. In this case, whereas Thl cytokine production is 
normal or decreased and some Th2 cytokine production (IL-5 and IL-1 0) is increased, 
the production of the "signature** cytokine of the Th2 response, IL-4, is not increased 
(Fuss etal., 1996). 
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SUMMARY OF THE INVENTION 



The present invention provides a method of treating or preventing the 
inflammatory response of ulcerative colitis in a subject comprising administering to the 
subject an effective amount of a substance that binds NK-T cells and maintains or 
reduces the number of NK-T cells in the subjecL 

Additionally, the present invention relates to a method of treating or preventing 
the inflammatory response of ulcerative colitis in a subject comprising administering to 
the subject an effective amount of a substance that binds NK-T cells or antigen 
presenting cells and maintains or reduces NK-T cell activation by antigen presenting 
cells. 

Also provided by the present invention is a method of treating or preventing 
the inflammatoiy response of ulcerative colitis in a subject comprising administering to 
the subject an effective amount of a substance that maintains or reduces lL-13 activity. 
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The present invention also provides a method of screening for a substance 
effective in preventing the inflammatory response of colitis by modulating IL-I3 
activity comprising: a) administering the substance to an animal susceptible to colitis: 
b) subjecting the animal to treatment that will induce an inflammatory response; and c) 
5 assaying inflammatory tissue cells from the animal for an amount of secreUon of IL- 13, 
whereby a decrease or lack of increase in the amount of IL-l 3 in the inflammatory 
tissue cells of the animal as compared to an increase in the amount of IL- 1 3 in a control 
animal having colitis in the absence of the substance identifies a substance that is 
effective in preventing the inflammatory response of colitis by modulating IL-13 
10 activity. 

Also provided by the present invention is a method of screening for a 
substance effective in preventing the inflammatory response of colitis by modulating 
NK-T cell activity comprising: a) administering the substance to an animal susceptible 
to colitis; b) subjecting the animal to treatment that will induce an inflammatory 
response; and c) assaying the animal for an effect on NK*T cell activity, whereby a 
decrease or lack of increase in NK-T cell activity in the inflammatory tissue cells of the 
animal as compared to an increase in NK-T cell activity in a control animal having 
colitis in the absence of the substance identifies a substance that is effective in 
preventing the inflammatory response of colitis by modulating NK-T cell activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
this speciflcation, illustrate several embodiments of the invention and together with the 
description, serve to explain the principles of the invention. 

Figures I A-F show that pre-sensitization before intra-recta) challenge with 
oxazalone leads to a chronic progressive colitis. Weight loss (A) and mortality (B) of 
mice after pre-sensitization with vehicle (ethanol) or oxazolone and intra-rectat 
challenge with vehicle or different doses of oxazolone 5x (C) and lOx (E) magnification 
of H.E. stained cross-sections from colons of mice 7 days after ethanol pre-sensitization 
and challenge. D+F show effects after oxazalone presensitization and re-challenge with 
1% oxazolone intra-rectally. 

Figures 2A-B show cytokine production from lymphocytes from mice with 
oxazolone colitis. (A) Lamina propria mononuclear cells (LPMC), hepatic mononuclear 
cells (HMNC), mesenteric lymph node cells (MLNC) and spleenocytes (SPC) were 
isolated on day 5 after 

2 



wo 20U4/0016SS 



J»CT/US20U2/D1»7!>0 



ittdoctloo of oxazalone colitis (gray) or TKBS (black) colitis and stuniUttcd in vitro for 48b with 
plate-bound anti-CD3 and anti-CD28. C^ytoldne conoentistioos measured in supematants by 
BUSA. (B) LFMC were isolated on day 2, 5 or 8 after induction of oxazalone colitis. LPMC were 
stimulated as above, and die concentrations of IL-4 (open) andlL-13 (striped) measured in the 
5 supematants. 

Figures 3A-B show that neulralizalion of n>-13 prevents inducliun of Qxazolooe colitis. (A) 
Weight loss and (B) mortality from mice with oxazalone cofilis treated with IIJl3Ro2-Fc 
(diamonds) or contiol-piotein (squares). 

Hgmes 4A-D show diat depletion of NKl.l lymphocytes protects mice from oxazolooe 
10 coHtis but na TNBS colitis. Weight loss (A+CO and mortality (B+D) after induction of oxazalone 
colitis (A-hB) or HOBS coKtis (C-i^D) or injection of vehicle (ethancd; chndes). Mice were injected 
wih control antibody (squares) or depleted of NEl.l cells with FK136 (diamonds). 

Rgures SA-B show CD] antigen presentBdon and that Ja281 NK-T cells are essential for 
induction of oxazalone colitis. (A) Weight loss of mice after intra-iectal injection of vehicle 
15^ (circles) or oxazalone after Lv. injection of bloddng GDI antibodies <2(K]2; diamonds) or control 
antilKuly (squares). (B) Weight loss after induction of oxazalone colitis of CDIKO mice 
(diamonds)* Ja281KO mice (circles) and wildtype mice (squares). 

Hgure 6 shows cytokine production in response to oGalCer. LPMC (apper panel), 
splcnocytes or spleen CD4 ceBs (lower panel) were not stimulated (unstim.) or stimulated wifli 
20 plate-bound anti-CX>3 and soluble anti-C!D28 (aCD3/28X uotransfected L-cells and vehicle 
(LC-hVeh.X or GDI transfected L^lh and lOQngftnl oGalCer (LCDl-t-aGC). 

DETAILED DESCRIPTION OF THE INVENTION 

25 The present invention may be understood more readily by reference to the following 

detailed desoiption of prefened embodiments of the invention and die Examples induded dierein 
and to the Hguces and Qieir previous and following dcsciiptioD. 

Before the present methods and composilions ore disclosed and described, it is to be 
ondeistood that this invention is not limited to specific methods or specific substances unless 
30 otherwise specified, or to particnlar reagents unless otiierwisc specified, as such may, of course^ 
vary. It is also to be understood that ttie teirainology used herein is for the purpose of describing 
particular embodiments only and is not intended to be limiting. 

As used in the specification and the appended claims, the singular forms "a,** "an," and 
"die" include plural referents unless the context cleady dictates otherwise. Thus, for example, 
35 reference to "a substance* includes one or more substances, and die like. 

Ranges may be expressed herein as from "about" one particular value, and/or to "about" 
another particular value. When such a range is expressed, another embodiment includes from the 
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one particular value and/or to the other particular value. Similarly, v/hen values are 
expressed as approximations* by use of the antecedent "about," it will be understood 
that ttie particular value forms another embodiment It will be further understood that 
the endpoints of each of the ranges are significant both in relation to the other endpoint, 
and independently of the other endpoint. 

In the claims which follow and in the description of the invention, except 
where the context requires otherwise due to express language or necessary implication, 
the word "comprise** or variations such as ''comprises'* or "comprising" is used in an 
inclusive sense, i.e. to specify the presence of the stated features but not to preclude the 
presence or addition of further features in various embodiments of the invention. 

Methods of Treatment and Prevention 

The present invention provides a method of treating or preventing the 
inflammatory response of colitis in a subject comprising administering to the subject an 
effective amount of a substance that modulates IL- 13 activity. 

Any axumal which is subject to colitis (e.g., ulcerative colitis) can be 
treated by this method. Therefore, the subject can be any mammal, preferably human, 
and can include but is not limited to mouse, rat, cow, gumeapig, hamster, rabbit, cat, 
dog, goat, sheep, monkey, horse and chimpanzee. 

As used herein; a substance of the present invention cah include, but is 
not limited to, a protein, a drug, an antibody, an antibody fragment, an unmunotoxin, a 
chemical compound, a protein fiagment and a toxin. Examples of these substances 
inchide, but are not limited to anti-IL-l3 antibodies, anti NK-T cell antibodies, anti- 
NKl.l antibodies, anti-CDl antibodies, IL-13Ra2-Fc, IL-13Ra2, IL-13Ra, fragments 
of lL-1 3Roe2, and fragments of II^13Ra. Extracellular fragments of IL>13Ra2 and IL- 
13Ra are also contemplated by the present invention as substances that are effective in 
treating or preventii^ colitis. 

The IL-13Ra of the present invention can be the rat IL-l3Ra or 
fragments of this receptor and the sequence for this receptor can be accessed on the 
GenBank database via Accession No. AY044251. This sequence is incorporated herein 
in its entirety by this reference. The IL^13Ra of the present invention can also be the 
mouse IL-1 3Ra or fragments of this receptor and the sequence for this receptor can be 
accessed on the GenBank database via Accession No. SS0963. This sequence is 
incorporated herein in its entirety by this reference. The IL-1 3Ra of die present 
invention can also be the human IL-1 3Ra or fi^gments of this receptor and the 
sequence for this receptor can be accessed on the GenBank database via Accession No. 

4 
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U62858. This sequence is incorporated herein in its entirety by this reference. 

The IL-1 3Ra2 of the present invention can also be the human IL-13Ra2 
or fiagments of this receptor and the sequence for this receptor can be accessed on the 
GenBank database via Accession No. NM_000640. This sequence is incorporated 
herein in its entirety by this reference. The IL-13Ra2 of the present invention can also 
be the mouse Il^l3Ra2 or fiagments of this receptor and the sequence for this receptor 
can be accessed on the GenBank database via Accession No. U6S747. This sequence is 
incorporated herein in its entirety by this reference. 

The antibodies of the present invention can be antibodies against human 
11^ ] 3 (Dolganov, et aL "Coexpression of the interleukin-1 3 and interleukin-4 genes 
correlates with their 
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physical liokage in the cytokme gene cluster od himuui cbrDmosome 5q2>3r* Blood 87 (8), 33 16- 
3326 (1996)). The sequence of hmnaD IL-13 can be accessed oo GeoBank via Accession No. 
XJ31120 and is mcorporated heidn m its entirety by this leference. The antibodies of tins inveotion 
can also be antibodies against mouse IL-13 (Biowo, et aL "A family of small inducible proteins 
5 secieted by leukocytes are mexxibeis of a sew snpeifBxmlytlmt includes leo^ 

derived inflammatory agents, growth factois. and indicators of various activatioti processes** Z 
Immunol 142 (2). 679-687 (1989)). This sequence can be accessed on the GesBank database via 
Accession No. Nltlj0083S5 and is incatporated haein it its entirety by this refu eu t u 

By ^lieating" is meant that an in^zovement m the disease state, i.e., the mflammatory 

10 response of colitis, is obecrved uad/ox detoctcd upon admisistration of a substance of ihe present 
invoitian to a subject. Treatniem can xange from a positive change in a symptom or syzoptoms of 
the disease to conqvlole amelioration of the inflammatory response of colitis (e.g., reduction in 
severity or intensity of disease, alteratioii of clinical parameters indicative of the subject's condition, 
relief of discomfort or increased or enhanced function), as detected by art-known techniques. The 

IS methods of the present invention can be utilized to treat as established colitis. One of skill in the art 
would recognize that ulcerative colitis or indetenninate colitis refers to a condition of the colon 
characterized by a stote of inflanmuition in which one or more of the following histological 
chaiBCteristics are detectable: a superficial inflammation charactexized by the presence of epithelial 
cell loss and patchy ulceration, pronounced depletion of mucin producing-goblet cells, and 

20 reduction of the density of the tubular glands. In addition, in tbe lamina propia. a mixed 

^inflammatoiy cell infiltrate consisting of lymphocytes and granulocytes (the latter consisting mostly 
of neutrophils and, to a lesser extent, eosinopMla) associated with on exudation of cells into the 
bowel lumen is observed. Also, the submucosal level can display marked edema with few 
inflammatoiy oeDa, vrtiile in die outer mnsde layer one of skill in die art would see litde or no 

25 evidence of inflammation. See e.g. Boiiivant ct al. Journal of Expennienfal Medicine 1 88: 1929- 
1939 (1S^8). Clinical symptoms can include, but are not Hmitffd to, diaubea, rectal prolapse, 
weight loss, abdominal pain, dehydration and splenomegaly. 

By '^venting" is meant that after administradon of a substance of the present invention to 
a subject, tiie subject does not develop the symptoms of colitis (i.e. inflammation, diarrhea, rectal 

30 prolapse, weight loss, abdominal pain etc) and/ar does not develop colitis. 

As used herein, modulation (e.g., maintenance, reduction or inhibition) (tf ILri3 activity 
means a change such as a decrease in TL-I3 production, a decrease in IL-13 colitis-mducing effects, 
a deoease in cells producing ILr 13 or a coinbination thoeof. A reduction or inbibiUon in IL-13 
activity can zangc from a decrease in IL^13 activity to complete amelioration of IL-13 activity. 

35 Maintenance of IL-13 activity means a maintenance of a steady state level of IL-13 without 

significant increase or de<^e&se. One of skill in the art can utilize methods known in the art as well 
as those described in the Examples herein to measure and/or monitor IL-13 activity. 
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The pieseat invendoa also provides a method of treating or prcventiiig the inflammatory 
zesponse ci colitis in a eobject coniprisiQg admuoistedxig to llie subject an e£fective amount of a 
substance diat modulfltes (e.g. majntams, reduces or inhibits) NK-T cell activity. 

Maintenance of NK-T cell activity means a maintenance of a steady state level of NK-T 
5 cell activity vritfaool significant increase or decrease. As used beredn* reduction or inhibition of NK- 
T cell activity can be a decrease in the nnmber of NK-T cdls, a decrease in NK-T cell activation, a 
decrease in die inteiaction between NK-T cells and their respective ligands or any combination 
thocol A reduction can range born a decrease in the nnnto of NK-T cells to conq>l6t6 depiction 
of NK-T cells. Sindlaily, a reduction in the acdvation of NK-T cells can range torn a decrease hi 
10 die number of NK-T cells that are activated to inacdvation of all NK-T ceUs. One of skill in the ozt 
would know which substance to utilize in order to inactivate NK-T cells or deplete diem. For 
example, if one of skin in the art wished to deplete NK-T cells, anti-NKl .1 antibody would be 
utilized. Similarly, if inMbidon of activation of NK-T cells is desired, an anti-CDl.l antibody 
would be utilized. Therefore, antibodies diat deplete NK-T ceOs as well as antibodies diat prevent 
IS antigen pEBseotatioo are contemplalBd to bean aspea of the invention. 

Also cfXitezEpIatBd by die present invention is a method of treating or preventing the 
inflammatory response of colitis in a subject compiising administexiog to the subject an effective 
amount of a first substance that reduces NK-T cell activity and an effective amount of a second 
substance that reduces IL>13 activity. The first and second substance can be administered together 
20 or separately to the subject in a ratio or combination detennincd to be effective in treating or 

~ preventing die hdlanmatoxy response of a colitis. TbedelermuiatioiiQf suchaiatioorcomMnation 
amoimtis well wittiin the scope of one of ordinary skOl in the art 

The pireseat invention also contemplates the treatment or prevention of the inflammatory 
response of colitis by the administrBtian of a substance tfaatreduoes IL-13 activity widi another 
25 therapeutic agent to a subject Otheir therapeutic agents may include, but are not limited to, 

antibodies, such as an anti-ID4 antibody, cytokines, or ImmuTiDmndntotory agents. The invention 
also contenxplatBS die treatment or preveotioo of the inflammatory response of colitis by the 
administratioD ctf a substance diat reduces NK-T cell activity with another therapeutic to a 
subject 

30 fixamplesaf these cytoldnes and iimnunomadulataty agents that can be emp^ 

mediods of this invetntiDn include, but axe not limited to, TVIO, antisera against lymphocyte 
metnbrane antigens (xj^ antithyinncyte serum (ATS), antithymocyte globulin (ATO). 
anUlymphocyte serum (ALS), antilympbocyte globulin (ALO), anti-CD3, anti-CI>4, anti-CD8)), 
anti-TNFo, anti-IFNy, antisense STAT4 oligonucleotides, onti-ICAMl, antisense ICAM-1 

35 o]igonudeotides,anti-€I>4(^anti-CD2S (anti-Tag), and IL>10. Other cytokines and/or 

imnumomodulators can be administered according to the methods of diis invention both to treat an 
acute episode of disease or to maintain the subject's condition in a non-inflammatory state. 
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For the treatmem and/or prevenlion methods of thepresaitmveDtioii» induding the 
coiobinalion tibexapies descdbed above, the efiOcacy of administration as described herein in treating 
or preventiiig die infl ai ma a tD i y response of colitis in a subject can be detemnned by standaxd 
methods of evaluation of the particular signs, symptoms and objective laboratory tests for this 
5 disease, as known in the art For examine, 1) a sattjecTs frequency or severity of recurrences is 
showntobexednoed,2) the progression of the disease is shown to be stabiliasBd, ur 3) the need for 
use of other immimosupprBssive n^dications is lessened, based on a canqjarison witii an 
appropriate control group and knowledge of the normal progression df disease in the general 
popohdian or the particular individual, fliea a pardcular treatment or pxevention legimen wiU be 
10 considered efficacious. 

The efficacy of combinatioa therapy with any antibodies, immunosuppressive medications 
or immunomodnlatory agents and substances Aat reduce IL-13 activity in preventing the 
inflammatoxy response of colitb can be detennmed by evahiatmg standard signs, symptoms and 
objective laboratory tests, as would be known to one of skill in the art, over time. The 
15 detemomation of who would be at risk for the development of colitis would be made based on 
cmrcnt knowledge of the known risk factors for a paiticular disease familiar to a eHtrfq ian in ana 
field, such as a particularly strong fEunily history of disease. 

As meiuioDed above, the substance of the present inveotioo can be an antibody. As used 
heiein, the term "antibody" encompasses, but is not limited to, whole immunogtobulin (I.Om an 
20 intact antibody) of any class. Native antibodies are usually heterotetnuzicdcglycopKOtBiris, 

composed of two identical light (L) chains and two identical heavy (H) chains. Typically, each 
light chain is linked to a heavy chain by one covatent disulfide bcmd, while the number of disulfide 
linkages varies between the heavy chains of difierent irnmunoglobolin isotypes. Bach heavy and 
light chau) also has regulady spaced intradiain disulfide bridges. Each heavy chain has at one end a 
25 variable domain (V(M)) followed by a nmcber of constant domains. Each light chain has a variable ' 
domain at one end (V (L)) and a constant domain at its other end; the constant dosnain of the Ught 
chain is aligned with the first constant domain of the heavy chain, and the £^1 chain variable 
domain is aligned with the variable dmnain of the heavy chaiiL Particular amino acid residues are 
believed to form an inter&ce between the Ught and heavy cham variable domains. The light chains 
30 of antibodies from any vertebrate species can be *sfiigni»4 to one of two deariy distinct types, called 
kappa (k) and lanibdaO), based on the amino acid sequence of dieir constant doineins. Depending 
on the arxana acid sequence of the constant domain of their heavy chains, immunogtobulins can be 
assigned to different classes. There aie five major classes of human immunoglobulins: IgA, IgD. 
IgE. IgO and IgM, and several of these may be further divided into subctesses (isotypes), e.g., IgG- 
35 1, IgO-2, Iga-3, and IgG-4; lgA-1 and IgA-2. One skilled in the art would recognize the 

comparable classes for mouse. The heavy chain constant domains diat correspond to the diffeasnt 
classes of imrrumoglobuhns are called a^a, delta, epsilon. gamma, and nm, respectively. 
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Tbe lezzn '*vaiiab]e** is used herein to describe cenain portions of tlic varisUedaniaiiis that 
differ in sequeocc amoog aatibodies end ace used in die binding end spedfLcdty of each particular 
antibody for its paiticalar antigen. However, tbe vaiialnlity is not usually evenly distribated 
through the vadable domains of antibodies. It is typically concentrated in three segments called 
5 ccRxplementarity detenmning regions (CDRs) or hypervariabte regions both in the Ugibt cham and 
the heavy chain variable domams. The more highly conserved portions of tbe vaxiable domains are 
called the faaocwork. (FR). The variable domains of native heavy and light chains each con^se 
foor FR regi(»s, largely adopting a p-sbeet cooHguiation, connected by thice CDRs, which form 
loops ooimecting, and In some cases fbnning part o^ the p-slieet stnieture. The CDRs in each chain 
10 are held together in close proximity by the FR regions and, with the CDRs from the odier chain, 
(Msntribute to the fonnation of die andgen binding site of antibodies (see Eabat £. A. et aL, 
"Sequences of Protons of Immunological Interest " National Institutes of Health, Bcdiesda. Md. 

(1987) ). The constant domains are not involved directly in binding an antibody to an antigen, but 
exhibit various effector fuoctians. such as participation of the antibody in antibody^ependent 

15 cellolar toxicity. 

As used herein, the term "antibody or fragments diereof * encompasses chimeiic antibodies 
and hybrid antibodies, with dual or multiple antigen or epitope specificities, and frogments. such as 
F(ab*)2, Fab*, Fab, scFv and die like, inchiding hybrid fragments. Thus, fragments of die antibodies 
that retain tbe abilit>' to bind didr specific antigens are provided. For example, fragments of 

20 antibodies which roamtain IL-13, CDl, CDld, YaI4, Val4Ja281, Va24, Voe24Joa8, IL-13Ra, or 
IIy-13Ra2 binding activity are included within the meaning uf the leim '^mlibody or fragment 
thereof." Such antibodies and fragments can be made by techniques known in the art and can be 
screened for specificity and activity according to the methods set foith in the Examples and in 
general methods for producing antibodies and screening antibodies for specificity and activity (See 

25 Harlow and Lane. Antibodies. A Laboratoty Manual. Cold Spring Harbor Publications. New Yodc. 

(1988) ). 

Also mdudod widun the iDcanmg of **antibody or fragnoents diereof* ore conjugates of 
antibody iragments and antigen binding proteins (single chain antibodies) as described, for 
example, in U.S. Pat No. 4,704,692, die contents of which is hereby incorporated by reference 

30 herein in its entirety. 

Optionally, d)c antibodies are generated in other species and ''humanized** for 
administration in himsans. Humanized fonns of non-human (e.g.. murine) antibodies are chimeric 
immunoglobulins, immunoglobulin chains car fragments thereof (such as Fv, Fab. HA>*, F(ab*)2, 
scFv or otiier antigen-binding subsequences of antibodies) which contain minimal sequence derived 

35 from non4iuman immunoglobulin. Humani?^ antibodies mdude human inunuooglobolios 
(recipient antibody) in which residues from a complementary determining region (CDR) of the 
recipient are repUced by residues from a C3>R of a non-human species (donor antibociy) such as 
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mouse, rat or xabblt haviog the desired spediicity» affinity asd capacity. In some instances, Fv 
fraxnewoik residues of fhe human inununoglobolio are replaced by corresponding non-human 
residues. Humanized antibocfies may also conquise residues that are found neither in the recipient 
antibody nor in the imported CX>R or firomcwoit sequences. Id general, the humanized antibody 
5 will comprise substantially all of at least one, and typically two^ variable domains, in which all or 
sobstantially an of the CDR regions ooirespond to those of & oon-homan iimnunoglobQlin and all or 
substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The 
humanized antibody optimally also will comptise at least a portioa of an immunoglobulin c(H)stant 
region CPc). typically that of a human mmiunogjobubn (Jones et al, Natiue^ 321 :S22.525 (1986); 
10 Riechmaon et aL, Nature. 332:323-327 (1988); and Presta, Our. Op. Struct Biol., 2:593-596 
(1592)). 

Metiiods for humanizing non-human antibodies are well Icaown in the aiL Generally, a 
humanized andbody has one or more amino acid residues introduced into it from a source that is 
non-human. These non-himian amino acid residues are often refeired to as "import*' residues, which 
15 are Qfpically taken fiom an 'Import" variable domain. Humanizatioa can be essentially perfcraied 
following the method of Winter and co-woikcrs (Jones et aL. Nature, 321:522-525 (1986); 
Riechmarai et aL. Atorej^ 332:323-327 (1988); Verhoeyen et aL. Science, 239:1534-1536 (1988)), 
by sobstlmthig rodent CDRs or CDR sequences for fhe conesponding sequences of a human 
antibody. Accordhtgly, such "humanized" antibodies are chimeric antibodies (US. Pat No. 
20 4»816,567), wherein sobstantially less than an intact human variable domain has been substituted by 
. Ao corresponding sequence hcan a nom-liuman species. In practice, humanized flntib o d it at are 
typically human antibodies in wfaidi some CDR residues and possibly some FR residues are 
substituted by residues from analogous sites in rodent antibodies. 

The choice of human variable domains, both light and heavy, to be used in making the 
25 humanized anDlxxlies is very jxiq)ortant in order to reduce antigeniciiy. According to fhe ''best-fitT 
method, fiie sequence of the variable domain of a rodent antibody is screened against the endre 
library of known human variable domain sequences. The human sequmce whic^ is closest to that 
of the rodent is then accepted as the human Iramewoik (FR) for the humanized antibody (Sims et 
al., J. hnmunol., 151:^96 0993); Choihia et aL, J. MoL Biol, 196:901 (1987)). Another method 
30 uses a particular firamewoik derived £ram die consensus sequence of all hunoan antibodies of a 

particular subgroup of light or heavy chains. The same finmework may be used for several diifeient 
humanized antibodies (Carteret a!., Proa NeO. Acad. ScL 89:4285 (1992); Fresta et al., J. 
Immunol, 151:2623 (1993)). 

It is further important that antibodies be humanized with retendon of high af5nity for the 
35 antigen and other favorable tuological properties. To achieve this goal, humanized antibodies are 
prepared by a process of analysis of the parental sequences and various conceptnal humanized 
products using tfiree dimensional models of the parental and humanized sequences. Three 
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fHTnansinnai immonoglobulixi loodels aie connnonly available and are fomiliar to tbosie skilled in die 
art. Con^Qter programs are available wbddt Uhistxate and display probable three-dimensional 
confomaatioiiai structures of selected candidate imnumoglobalia sequences. Inspectioo of these 
displays penrnts analysis of tiie likely role of &e residaes in Ibe functioning of tiie candidate 
5 iumumoglobuHn sequence, i^., die analysis of rcsidnes that mfluenoe the ability of the candidate 
imnumogloboliu to bind its antigen. In this way, FR residues can be selected and combined from 
die consensus and import sequence so that tiie dedied antibody cbarocteristic sudi as increased 
affinity for the target antigenCs), IS achieved. In general, the CDR residues are direcdy and most 
substantially involved in inilneacing antigeo binding (see* WO 94/04679, published 3 March 1994). 

to Transgenic animals (e.g., mice) that are a^lde, ii^n immunization, of producing a full 

repertoire of hunan antibodies in the absence of endogenous immmiQgiobulin pzoductian can be 
employed. Far example, it has been described that die homozygDos ddetioa of the antibody heavy 
chain joiniog region (J(H^) gene in chimedc and gemi-Iin& tnntant mice results in cooqilete 
inhibition of endogenous antibody prodoction. TxansfiBr of die human g6nn4ine mmumoglobulin 

1 5 gene axiay in sudb gecm-line mutant mice win result in die production of human antibodies upon 
antigen chaUenge (see, o.g., Jakobovits et oi., Fm. NatL Acad. ScL USA, 90:2551-255 (1993); 
Jakobovits et aL, Nature. 362:255-258 (1993); Rraggemann et a1.. Year in Imnamah, 7:33 (1993)). 
Human antibodies can also be produced in phage (fisplay libraries (Hoogenboom et al., /. Mol 
Biol, 227:381 (1991); Marks et aL, /. Mol Biol, 222:581 (1991)). The techniques of Cote et al. and 

20 Boemex et aL are also available for the preparation of human monodanal antibodies (Cole et al.. 
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985)0; Boctncr et aL. 7. 
ImmunoL, 147(l):86-95 (1991)). 

Hie present invention further provides a hybxidoma cell that produces the monoclonal 
antibody of the invention. The term '^monoclcmal antibody" as used herein refers to an antibody 

25 obtained from a substantially homogeneous population of antibodies, i.e., the individual antibodies 
com{sisiog die population are identical except for possible natuxally occuiring mutations thai may 
be present us minor amounts. The monoclonal antibodies herein specifically hiclnde "diimenc** 
antibodies in which a portion of the heavy and/or light chain is identical with or homologous to 
coaespaading sequences in antibodies derived from a particular species or belonging to a particular 

30 antibody class or subclass, Miiile the remaonder of tiw chain(8) is identical witi) or homologous to 
conesponding sequences in antibodies derived from another species oc bel<ni£|^ig co another 
antibody class or subclass, ss well as fragments of such antibodies, so long as they exhibit the 
dcsiicd activity (See, U.S. Pat. No. 4.816,567 and Monison et ol^ Froa Natl Acad. Sd USA, 
81:6851-6855(1984)). 

3 5 Monoclonal antibodies of the invention may be prepared using hybridoma methods, such as 

those described by Eohler and Milstein, Naiure, 256:495 (1975) or Hariow and Lane. Antibodies . A 
Laboratoiy ManuaL Cold Spring Harbor Publications, New Yoik, (1988). In a hybridoma method, 

10 
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a mouse or other appropd&te host animal, is ^{^cally iinxnumzed widi an imnnmisdng agent to elicit 
lymidiocytes that piodnce or are capable of producing antibodies that will specifically bind to the 
innmmizing agent Alternatively, the lymf^ocytes nny be immunized in vitro. Prefeiably, the 
immunizing agent comprises IL-13, CX>1, CDld, Val4^ Val4Ja231, VaQA^ Va24Jal8, IL-13RC(, 
5 or ILrl3R0£2 or a firagment thezeaf. Ttnditioiially, the gcncratLon of monoclonal antibodies has 
depended on the availability of puziGed protein or peptides £ar use as fte inuzmnogen. More 
recently DNA based immunizations have been employed to elicit strong iimmme lesponses and 
generate monoclonal antibodies. Jr this approach, DNA-based immunization is used* wherein DNA 
encoding a portion of IH3. GDI. CDld. Yal4. Voa4Ja281, Vot24. Va24Jcd8, n^l3Ra. orlL- 

10 13Ra2 expressed as a fusion protein with human ^Gl is injected into the host animal acooiding to 
methods known in the art (e.g., Kl^trick XE. ct al. Oene gun delivered DNA-based immunizations 
mediate rapid production of mnziiiB monoclonal antibodies to the Flt-3 receptor. Hybridomcu 1998 
Dec:17(6):S69-76; Kilpatridc KB et aL B^gMffirnQT monoclonal anbTiodies to VEDIPEk-lS 
generated nsmg 5 microg of DNA. Hybridama. 2000 Ans;19(4):297>302, which are incorporated 

1 S herein by referenced hi fhll for the Ae methods of antibody piodnction) and as described in the 
examples. 

An alternate approach to immunization widi either purified protein or DNA is to oso 
antigen ejqxressed in baculovirus. Hie ad\'antages to diis system include ease of generation, hi£|i 
[evels of expression, and post-translational mndifiratfwis that are highly similar to those seen in 
20 mammalian systems. Use of this system involves expressing domains of n^l3. GDI, CDld, Val4^ 
Val4Jo(281, Va24» Va24Joa8, TLrlSRa, or ]L-13Ra2 antibody as fuaon proteins. The antigen is 
produced by inserting a gene iragment in-fiame between tibe signal sequence and the mature protem 
domain of the 11^13, GDI. CDld, Val4, Val4Ja281, Va24. Va24Jal8. II^13Ra; or n^I3Ra2 
antibody nucleotide sequence. This results in the display of the foreign proteins on the surface of the 

25 virion. This mftthod unnwa irnnwiniwitifin with whofg vyniy^ rfimtnirtitig -n*-^ ff>r pmifitHtlCTi of 

target antigens. 

CSenerally, dther peripheral blood lymphocytes C**PBLs") are used in methods of producing 
monoclonal antibodies if cells of human origin are desired, or spleen cells or lymph node ceQs are 
nsed if non*human mammalian sources are desired. Itie lymphocytes are then fused wiA an 

30 immortalized cell line using a suitable fusmg agent, such as polyethylene glycol to fonn a 

hybridoma cell (Goding, Monoclonal Antibodies: Principles and Practice Academic Press, (1986) 
pp. 59-103). Lmnoctalized cell lines are usually transfonmd mammalian cells, including myeloma 
cells of rodent, bovine, equine, and human origin. Usually, rat or mouse myeloma cell lines are 
eaq}loyed. The hybridoma cells may be cultured in a suitable culture medium that preferably 

35 contains one or more substances that inhibit dke growth or survival of the unfused, immortalized 
cells. For exanq>le» if the parental ceHs lack die enzyme hypoxanthine guanine phosphoribosyl 
tzansfeiHse (HGPRT or HPRT)^ the culture medium foe the hybridomas typically will inchide 

11 
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hypoxantbine, amiDoptexiD, and thymidme ("HAT medium**), which substances pre^veot the growth 
of HGPRT-defident ceils. Ftefetied imnuatalized cell lines aie those that fuse efSdendy, support 
staUe Ugh level expiessiOQ of antibody by the selected antfbody-fnodiidng cells, and am sensitive 
to a medium such as HAT medium. Moic prcfened immoitalized cell lines are murine myeloma 
S lines, which can be obtained, for instance, from the Salk Institute Cell Distribution Center, San 
Di^o, CaUf. and the American Type CuHoie Collection. Rockville. Md. Human myeloma and 
moose-human heteromyeloma cell tines also have been described for the production of human 
monoclonal antibodies (Kozbor, /. Immunol^ 133:3001 (1984); Brodeur et al.. ^'Monoclonal 
Antibody lYodnction Tcdmiques and Applications'* Marcel Dekker. Inc.. New Yodc. (1987) pp. 51- 

10 63). The cultuie medium in which the hyfaiidoma cells are cultured can then be assayed for the 

presence of monoclanal antibodies diieaed agaaistIL-13, GDI, CDld, Val4. Val4Joe281. Va24, 
Va24ral8, II^13Roc or n^l3Ra2. Prefiscably. the binding specificity of monoclonal antibodies 
produced by the hybridoma cells is detomined by immuuopzecipitation or by an m vim) binding 
assay, such as radioimmunoassay (RIA) or enzyme-linked immunoabsoibent assay OEUSA). Such 

IS techniques and assays aie known in the art; and aie described further in the Eiainplesbelo 

Hallow and Lane Antibodies, A Laboratory Manual Cold Spring Harbor Pabltcadons. Kew York, 
(1988). 

After the desired hybridoma cells are identified, die clones may be snbdoned by limidzig 
dilution or FACS sorting procedures and grown by standard methods. Suitable culture media for 

20 this purpose inchide. for example, Dulbecco's Modified Eagle's Medium and RPMI- 1640 medium. 
Ahemative^, the bybfidoma cells may be grown in vivo as ascites in a manamal. 

The monoclonal antibodies seoeted by the subclones may be isolated or purified fixun the 
culmre medium or ascites fluid by conventional immunoglobulin purification prooeduzes such as, 
fx mn^le, pcxitein A-^S^harose^ protein O. hydroxylapatite chromatography, gel electrt^dioresis, 

2S cfialysis, or affinity chroroatograi&y. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as diose 
described in U.S. Pat No. 4^816,567. DNA encoding the monoclonal antibodies of die invention 
can be readily isnlnted and sequenced using conventional procedures (e.g.. by using oligonucleotide 
probes tbat are capable of binding specifically to genes encoding the heavy and light chains of 

30 murine antibodies). The hybridoma cells of the invention serve as a p re feri e d source of such DNA. 
Once isolated, the DNA may be placed into ejqnession vectors, which are then transfected into host 
cells such as simian COS cells, CSiinese hamster ovary (CHO) cells, plasmacytoma cells, or 
myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the synthesis of 
monoclonal antibodies in the rccombmant host cells. The DNA also may be modified, far exanqile. 

35 by substituting die coding sequence for human heavy and li^t chain constant domains in place of 
the homologous murine sequences (U^. Pat No. 4^816,567) or by covalentiy joinmg to the 
inmnmoglobulin coding sequence all or part of the coding sequence for a non-immnnoglobulin 

12 
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polypeptide. Optionally, sucb a iiOB4n]ait]nogIobaliii polypeptide is substiuited for ilie canstant 
domaiss of an antibody of the inventioD or snbstimted for the vaxiable domains of one antigen- 
combining site of an antibody of the invention to create a cMmeric bivalent antibody comprising 
one antigCD-Gonibining site having specificity for IL-13» CDl, CDld» Val4, Val4Ja281, Va24, 
5 Va24Jocl8, IL-13RCX, or ILrl3R£C2 and anodisr antigeihconabinmg site having spedfidty for a 
diff^snt antigen. 

In vitro methods are also suitable for pr^>arittg monovalent antibodies. Digestion of 
antibodies to produce fragments thereof, paiticulady, Fab fragments, can be accanqpHshed using 
routine techniques known in die art For instance, digestion can be performed using papain. 

10 Bxamples of pqioin digestiflo are described in WO 94/29348 published Dec. 22, 1994, VS. Pat No. 
4342,566, and Hailow and Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor 
Publications. New Yoxk, (1988). Papain digestion of antibodies typically imxhices two identical 
antigen bindiiig fragments, called Kb fragments, each with a single antigen bxndiqg site, and a 
residual Fc frag ment Pepsin treatment yields a fragment, called the F(ab*)2 fragment that has two 

IS antigen craobining sitss and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also contain die con^ont domains of 
die light chain and the first constant domain of the heavy chain. Fab' fragments differ from Fab 
fragments by die addition of a few residues at the carboxy terminus of die heavy chain domain 
including one or more cysteines from the antibody hinge region. The F(ab*)2 fragment is a bivalent 

20 fragment comprising two Fab' fragments linked by a disulfide bridge at die hinge region. Fab'-SH 
is the designation herem fof Fab' hi which die cysteine msjdne(s) of the constant domains bear a ' 
free thiol group. Antibody fragments originally were produced as pain of Fab* fragments which 
have hinge cysteines between them. Other chemical couplings of antibody fiagments are also 
known. 

25 An isolated immunogenically specific paratope or fragment of the antibody is also 

provided. A specific immunogenic epitope of the antibody can be isolated from the whole antibody 
by chemical or medianical disruption of the mofecnle. Hie purified fragmenta thus obtained are 
tested to determine didr immnnogemcity and specificity by the mediods taught hetem. 
Immunoreactive paratopes of the antibody, optionally, are synttiesized directly. An immnnoieactive 

30 fragment is defined as an amino add sequence of at least about two to five consecutive amino adds 
derived fipom die antibody amino acid sequence. 

One method of pcoduciog proteins comprising the antibodies of the present invention is to 
HNK-Two or more peptides en* polypeptides together by protein chemistry techniques. For example 
peptides or polypeptides can be chemicaUy synthesized using cmxeotiy availal>1e laboratory 

35 equipment using either FHoooc (9-fhiorenyhnediyIoxycarbonyl) or Boc (tert -butyloxycatbcnoyl) 
chemistry. (Applied Biosystems, Inc. Foster Oty.CA). One skilled in the art can readily 
appreciate that a p^itide or polypeptide ccnrespoiiding to the antibody of die present invention, for 

13 
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exanqple, can be syiiAesized by standard ^eEimcal leactions. For example, a peptide or polypeptide 
can be synthesized and not dcaved from its synthesis resin vAereas the other fingment of an 
antibody can be synthesized and sobseqaently cleaved from the resin, ibeieby exposing a t&nninal 
group wfaicfa is fimcdonally blocked on the odier fragmeDL By peptide condenaatton Racdons, 
5 these two firagments can be covalratly joined via a peptide bond at their caiboxyl and amino 

tcmiini* respectively, to form an antibody^ or fragment thereof. (Grant Synthetic Peptides: A User 
Gu&le.WJi.Beeman and Cb^N.Y. (1992): Bodaosky mATio%X^B^{VmjPTincipUaqf 
Peptide Synthesis. Springer-Veriag Inc., NY. Alternatively, die peptide or polypeptide is 
independently syothesized in vivo as descnbed above. Once isolated, the» independent pepddes or 

10 pQlypq)dde8 xnay be linked to foim an antibody or fragment diereof via simi^ 
condeosatioa reactions. 

For example, enzymatic ligaticm of cloned or syndietic peptide segments allow relatively 
short peptide fiagmfiots to be joined to produce larger peptide fragments, polypeptides or whole 
protein domains (Abrahmsen et at, Biochemistry, 30:4151 (1991)). Alternatively, native chemicai 

IS ligation of synthetic peptides can be utilized to synthetically constroct large peptides or 

polypeptides from shorter peptide fragments. This method consists of a two step chemical reaction 
(Dawson et aL Syndiesis of Proteins by Native Chemical Ligation. Science, 266:776-779 (1994)). 
The first step is the cfaemoselective zeacdon of an unprotected synthetic peptide-alpha-thioester with 
another unprotected peptide segment containing an amino-teiminal Cys residue to give a thioester- 

20 linked intermediatB as die initial covalent product Without a change in the reaction conditions, this 
intetmediale undergoes spontaneous, rapid intramolecular reaction to form a native peptide bond at 
the ligation site. Application of this native chemical ligation method to die total synthesis of a 
protein molecule is illustrated by the preparation of human inteileiikin 8 (IIv-8) (Baggiolini et al. 
(1992) PBBSLetL 307:97-101; COaik-Lewis et aU J,BiolChem., 269:16075 (1994); Oadc-Lewis et 

25 aL, Biochemistry, 30:3128 (1991); Rajarathnam ei aL, Biochemistry 33:6623-30 (1994)). 

Alternatively, unprotected pt^dde segmt^nts are chemically linked where the bond formed 
between die peptide s^ments as a result of Ae chemical ligation is an nnnatoral (noo-peptide) bond 
(Schnolzcr, M et al. Science, 256:221 (1992)). This technique has been used to synthesize analogs 
of protein domains as well as large amoonts of relatively pure proteins with full biological activity 

30 (delisle Milton et aL, Techniques in Protein Chemistry IV. Academic E^ess, New York, pp. 257- 
267 (1992)). 

The invention also provides fragments of antibodies which have bionctivity. The 
polypeptide fragments of the present invention can be ceoonobinant proteins obtained by cknring 
nucleic acids encoding the polypeptide in an expression system capable of producing die 
35 polypeptide fragments thereof, such as an adenovirus or baculovirus expression systenL For 

example, odq can determine die active domain of an antibody from a specific hytxridoma that can 
cause a biological effect associated with the interaction of the antibody with IL-13, CDl, CDld, 

14 
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Val4, Val4Ja281, Vct24, Vcx24Jal 8, H^lSRot, or E^13Ra2. For exaxnple, ammo acids found to 
not contribute to either the activity or Oie binding specificity or affinity of the antibody can be 
deleted without a loss in (be respective activiiy. Few exanqde. In various embodimBnts, amino or 
caiboxy-eenninfll amino adds are sequentially removed from either the native or the modified noo- 
5 immunoglobuKn molecule or the inmumoglobulin molecule and the respective activity assayed in 
one of many available assays. In aiwther example a fragment of an anta)odty<»inpiB 
antibody wherein at least one ammo add has been substituted for the naturally oocuning amino acid 
at a specific position, and a portion of either amino tenninal or carboxy terminal ammo adds, or 
even an internal legion of Ihe ontibocfy, has been nsplaced wiA a p^^ 
10 moiety, such as biothi, which can fedHtote in die purification of the modified anUbody. For 
example, a modified antibo^ can be fused to a maltose binding protein, through ddier peptide 
chemistry or cloning the lespective nucleic adds encodmg the two polypeptide fiagmenis into an 
exiTOSsion vector such that die expression of die coding region resolte in a hybrid poly^pti The 
hybrid polypeptide con be affinity purified by passing it over an amylos© affinity column, and the 
15 modified antibody receptor can dien be sqiarated fiom the maltose bindmg region by cleaving the 
hybrid polypeptide wift the specific protease factor Xa. (Sec. for example. New England Biolabs 
Product Catalog, 1996. pg. 164.). SimnarpuriCcaUon procedures arc available for isolating hybrid 
protdns from eukaryotic cells as welL 

The tiagmcnts, whetiier attached to odier sequences or not, include insertions, deletions, 
substiturions. or other selected modSfications of particular regions or specific ammo adds residues, 
provided the activity of the fragment is not significanUy altensd or impaired compared to the 
nonmodified antibody or antibody fragment These modificatioos can provide for some «<MitiffnBi 
property, such as to remove or add ammo adds capable of disulfide bonding, to mciease its Wo- 
longevity, to alter its secretory characteristics, etc. In any case, the fiagmeni must possess a 
bioactive property, such as binding activiiy, regulation of binding at the binding doman, etc 
Rmctional or active regions of the antibody may be identified by mutagenesis of a specific region 
of the protein, followed by expression and testing of the expressed polypeptide. Such mefiioda are 
readily apparent to a skilled practitioner in tiie art and can inchide sitc-spedfic mutagenesis of flje 
nudeic add encoding the antigen. (ZdOer ct al. NucL Acids Res, 10:6487-500 (1982). 

A variety of immunoassay formats may be used to select antibodies tiiat selectively bind 
witij a particular protein, variant, or fiagment. Pbr example, solid-phase BUS A immunoassays are 
loutindy used to select antibodies selectively xmmmioreactive witfi a protein, protein variant, or 
fiagment Owreof. See Harlow and Lane. {Antibodhj, A Laborcanry Manual. Cold Spring Hariior 
Publications, New York, (1988)). for a description of inmmnoassay formats and conditions diat 
could be used to determine selective binding. The binding affinity of a monodonal antibody can, 
for exan^le^ be determined by the Scatchard analysis of Munson et al., i/inaL Biockenu, 107:220 
(1980). 
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Also provided Is en antibody reagent kil conqaiamg cootomcrs of the monoclonal antibody 
or fragment thereof of the invention and one or more reagents for detecting tending of the antibody 
or ficagmrat thereof to IL-13. GDI, CDld, Val4. Val4Ja281. Va24. Voc24Joa8, IL-13RO. orlL- 
13Ra2 receptor molecalB.. The reagents can inclnde, for ffufTTuJft. flooiesceot tags* enzymatic tags, 
5 or other tags. Hie reagents can also include secondary or tertiary antibodies or reagents for 
enzymatic reactions, wherein the enzymatic reactions produce a produce that can be visualized. 

Administration of AntUbodies 

The antibodies described hei^ of the invention are prefraably administered to a subject in 

10 a {^lannaoeuticaUy acceptable carrier. Suitable cairien and their formulations are described in 

Remington: Vie Science and Practice ofPhamuxcy ({19fb ed.) ed. A Jl. Gemiaro. Meek Pubiishmg 
Con^any. Easton. PA 1995). Typically, an appropriate amonntof a pharmacentically-acceptable 
salt is used in the formulation to render the fcmnulation isotonic. Examples of the 
phazmaceutically-aocepCablc canier include, but are not limitsd to. saline. Ringer's sohitioa and 

15 dextrose sdutiun. ThepHof the solution is pieftiably&om about 5 to about 8, and inoro 

preferably from about 7 to about 7^. Further coziiers include sustained release preparations such as 
semipemieable matrices of solid hydrophobic polymers containing the antibody, which "wt rirr i ? are 
h) the fonn of shaped articles, e.g., films, Uposomes or micropaiticlea. It will be apparent to ±ose 
persons skilled in the ait that certain carriers may be more preferable depending upon, for instance, 

20 the route of administratioa and concentration of antibody being admmisteied. 

The antibodies can be administered to the subgect, patient or ceD by iigection (e.^. , 
intravenous, intraperitoneal, subcutaneous, xnlzamusculBrX intiareccally orby other methods sudi as 
infusion that ensure its delivery to the bloodstream in an effective fomu Local or ii^venoua 
iiyecdon is preferred. 

25 Effective dosages and schednles for administering antibodies may be determined 

eiiq>iiically, and making such determinations is within the skill in the art Those skilled in the art 
wiU understand that die dosage of antibodies &at must be administered will vary depending on, for 
example, the subject diat will receive the antibody, the route of admmistratioD« the particular type of 
antibody used and other drugs being administsred. Quidance in selecting appropriate doses for 

30 antibodies is found m the literature on Ihecapeutic uses of antibodies, e.g., Handbook ofMonochncd 
Antibodies, Bsnone et al^ eds., Noges PtibHcations, Padc Ridge, KJ., (1985) cb. 22 and pp. 303- 
357; Smith et tL^Amihodies in Human Diagnosis and Therc^, Haiber et al., eds.. Raven Press, 
New Yoric (1977) pp. 365-389. A ty{acal daily dosage of the antibody used alone might range from 
about 1 (ig/kg to up to 100 mg/kg of body weight or more per day, depending un the factora 

35 mendoned above. 

Following administiation of a substance for treating, inhibiting, oc pxevrating inflammation 
of colitis, the efficacy of the therapeutic substance can be assessed in various ways well known to 

16 
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&0 skilled practitioner. instance, cmo of otdmaiysldn is the ait wiUimc^ 
of the inventioD is efficactoas in txeating or inhibiting inflammation of an established colitis in a 
subject by observing that the substance leduces inflammation or prevents a further increase in 
inflammation. loflanmialion can be nuasured by methods ibat axe Imown in die art, ficffexai^ 
5 using tissue bic^ies to assess tissue damage or antibody assays to detect the presence of 

inflammatcsy cytokines in a sample (e.g.. bodily fluids, but not limited to, blood) from a subject or 
patiimt, or by measoring the cytoknie levels in the patient Effica^ of tfae treatment may also be 
determined by measuring die number of HK-T cells in the subject (e.g. in the colon or pedpheial 
blood) with mflammarion fxom colitis. A treatment tliat inhibits an initial or further increase in NK- 

10 T cells or ILrl3 levels in a sutgect or patient with inflammation of an established oolids, or that 
resuhs in a decrease in the nnniber of NK-T cells or IL-13 levels in a subject ur patient with 
inflammation of an established colitis, is an efiScacious treaimsnt 

Hie substances of die invention may be administexed prophylactically to patients or 
subjects who are at risk fbar having hiftemmatory bowel disease or who have been newly diagnosed 

IS wi& Inflammatory bowel disease. ]b subjects who have been newly diagnosed with inflammatory 
bowel disease but v^o have not yet displayed an established colitis <^ the inflammatory response of 
an established colitis (as measured by biopsy or other assays for detecting the inflanunatioa due to 
ooHtis) in blood or other body fluid, efftcadious treatment witb an substance of the inventimi 
paitiaily or completely ixihibits the appearance of colitis symptoms and/or colitis. 

20 

Nucleic add a^roadies for delivery 

Ihe substances of the ^nesent invention, including antibodies and antibody ^gments of die 
invention can also be adannisteced in Wvo and/or ex vivo to patients or subjects as a nucleic acid 
preparation (e^;., DNA or RNA) diat encodes a substance, socb as an antibody or antibody 

25 fragment, such that the patient^ <x subject's own cells take up the nucleic acid and produce and 
secrete the encoded substances, such as an antibody or antibody fragment 

la the methods described above which indade the administrBtion and uptaJce of exogenous 
ONA into the cells of a subject (i^., gene transduction or transfection), the nucleic adds of die 
present invention can be in the form of naked DNA or RNA, or the nadeic adds can be in a vector 

30 for delivering the nudeic adds to the cells, whereby the antibody-encoding DNA fragment is under 
the transcriptional regulation of a promote, as would be well understood by one of ordinary skill in 
the art. The vector can be a commercially available preparation, such as an adenovirus vector 
((Quantum Biotechnologies, lac. (Laval, Quebec, (^ada). Ddi very of the nucldc add or vector to 
cells can be via a variety of mediaiusins. As one example, delivery can be via a l^xisome, using 

35 commercially available liposome preparations such as UPOFBCnN, UPOPECTAMINE (OIBCO- 
BRL, Ihc^ Gaitbcrsburg, MD), SUPERHSCT (Qiagen, Ina Hilden, Germany) and 
TRANSFECTAM (Promega BiotBc» Tnc, Madison, WI), as well as other liposomes developed 
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accordmg to pncedines standaid in the axt £q aMtioa, the nudnc add or vector of ttdsinvcntioo 
can be ddiveied in vivo by electropoiation, die technology for which is available from Genetrooics, 
]bc. (San Diego. CA) as well as by means of a SONOPORAHON machine (IifiaRx Phannaceuticai 
Corp., Tucson, AZ^, 

5 As one example, vector delivery can be via a viral system, such as a retrovtral vector 

system which can package a recombinant xetroviral genome (see e.g., Pastan et al.. Pmc, Nad. 
Acad. Sci. U.SA. 85:4486, 1988; Miller et al.. MoL CdL BioL 6289S. 1986). The lecombmant 
retrovims can then be used to infect and thereby deUver to the infiBcted cells oudeie add encoding a 
broadly neutralizing antibody (or active Augment theieoQ of the invention. The exact medwd of 
10 introducing ifae altered nndeic add into mninmftiifltt cells is, of course, not tinsited to the use (rf 
retroviral vectors. Odier techniques axe widely available for this procedure including the nse of 
adenoviral vectors €^fitanl et aL. Hum. Gene Vter. 5:941-948, 1994), adeno-assodated viral (AAV) 
vectors (Goodman et al.. Blood 84:1492-1500. 1994)» Icntiviral veccora (Naidini et al., Saaice 
272:263-267, 1996X and pseudotyped retrovsral vectois (Agrawal et aL. Exper. HematoL 24:738- 
15 747, 15^96). Physical transdnction techniques can also be used, such as tiposome detivery and 

receptor-mediated and other endocytosis mechanisms (see, fbi example, Schwaitzeubeiger et al.. 
Blood 87:472-478, 1996) to name a lew examples. This invention can be used in coojnnction with 
any of these or other commonly used gene transfer methods. 

As one example, if the antibody-encoding nuddc add of the invention is dcHveied to the 
20 cells of a subject in an adenovirus vector, the dosage for administration of adenovirus to bMiT >« ?w 
can range from about 10^ to 1(^ plaque foaning uidls (pfu) per injecdun but can be as high as lO" 
pfti per injection (Crystal, Hum. Gene Titer. 8^»85-1001, 1997; Alvaiez and Coriel, Hum. Gene 
Tker. 8:597-613, 1997). A subject can receive a single injection, or, if addidonal injections are 
neoessaiy, they can be rqeated at six month hificrvals (or other qipropciate time mtmrals, as 
25 determined by the skilled practitioner) for an indefinite period and/or un^ 
treaiment has been establisbed. 

Parenteral administration of the nuddc add or vector of die present invention, if used, is 
generally diaractenzed by injection. Ii^jectables can be prepared m conventional forms, either as 
liquid solutions or suspensions, soHd fonns suitable for solotton of suspensicm in liquid pdor to 
3D iryection. or as emulsions. A more recendy revised approadi for parenteral admrmstratioo involves 
use of a slow release or sustaioed rdease system such that a ccmstant dosage is mnfateiTiari See. 
eg., U.S. Patent No. 3.610,795, whidi is incorporated by reference herem. For additional 
discussion of suitable formulations and various routes of administration of therq>aitic compounds, 
see, e.g.. Remington: The Science and Practice cf Pharmacy (19th ed.) ed. A.R. Oennaro^ Mack 
35 Publishing Company. Easton. PA 1995. 
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Phaimacentically Acceptable Carriers 

The substances of the present inventioo. includiDg antibodies, can be used therapeutically 
in cambination with a phannaceaticaUy accepcable earner. By "phancaceutically acceptable" is 
meant a material that is not biologically or otherwise undesirable, U., the material ma y be 
5 administered to a subject, along with the substance, without causing any undesirable biological 
effects or interacting in a deleterious maimex with any of the other coinponents of the 
pbarmaceiitical composition in which it is contained. The earner would aatuiaUy be selected to 
mminuze any degradation cf the active ingredient and to xniTiitn^yft any adverse side effects in Ac 
subject, ax would be weU known to one of skill hi the art 

10 Phannaceutical carriers azc known to those skilled ID the ait. These most typically would 

be standard cazrieis for administiadoD of dnigs to humans, including solutions sucb as sterile water, 
saline, and buffered sohidons at physiological pH. The con^ositions can be admmisteied 
intramuscularly or subcutaneously. Other compounds win be administered acconling to standaid 
procedures used by those skilled in the art 

1^ Ph n m i n nn iri cal composiliops may include caeriers, tfaicteaers. diluepts, buffers, preservatives, 

surfecc active agents and the like in addition to the inolecule of dwicc. Pharmaceutical composilioos 
may also include one or more active mgrcdioits such as antimicmbtal agents, antihiflamnuitoiy agents, 
anesthetics, and die like. 

The jAiannacemical composition maybe administered in a number of ways depending on 
20 whether local or systemic treatment is desired, and on die area to be treated. AdministXBticmmaybe 
topically (includbg rectaUy, intrsnasally), oraOy, l^y inhalmiatt, or potcntexally, forexampteby 
intravenous drip, subcutaneous, intrapezitoneal or intramuscular injection. The disclosed substances 
can be administered intravenously, intrsperitoneally, intramusculariy, subcutaneously, intracavity, 
or transdennally. 

25 Prcparations for parenteral administratioo indude sterile aqueous or non-aqueous solutions, 

suspensions, and emulsions. Examples of nott-oqueous solvents axe propyiene glycol, polyethylene 
glycol, vegetable oils such as oUve oil. and injectable utganic esten such as ethyl oleate. Aqueous 
carriers indude water. atec^Iic/aqoeous solutions, emnlsiais or suspensions, inchiding saline and 
buffered media. Parenteral vehicles include sodiom chloride sohition. Ringer's dextrose, dextrose 

30 and sodium chloride, lactated Ringer's, or fixed oils. Mravenons vehicles include fluid and nutrient 
reitoushers, electrolyte replenishers (such as those based on Ringer's dexlnwe). and the Kke. 
fteservatives and other additives may also be present such as, for example, antimicrobials, anti- 
oxidants, chelating agents, and inert gases and the like. 

Formulations for topical administration may hiclude ointments. lodons, creams, gels, drops, 

35 suppositories, qnys, liquids and powden. Conventianal phBTmamiticfl! carders, aqueous, powder or 
ooly bases, AklcenerB and the like nsy be necessary or rtf?si"*b]e. 
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Coxnpositions for oral adomistiBtion 
water or non-aqueous media, capsules, sachets, or tablets. UddcBaas, flavoangs, di h en t s, em ul s ifi gts, 
d]speisn\g aids or biiiders may be desiiablfi. 

Scans of die compositions may potentially be administeied as a phaimaoeaticalty 
S aocepcable add- or base- addition salt, foimed by leacdon with inoiganic ad 

add, bydrohromic add, perdiloric acid, nitnc add, tiuocyanic add, sulfuric add. and phosphoric 
add, and oqpmc adds sudi as fondc add, acetic add, propionic acid, glycolic add, lactic add, 
pyiavtc add, oxafic add, malonie add, sucdnic add, maldc add, and fomaiic add. or by reaction 
with an inorganic base sudi as sodhun hydroxide, ammoniom hydroxide, polassiuin bydiuxide, and 
10 Oiganic bases such as mono-, di-, trialkyl and aiyl flinhy^ and substitnted ethanolamines. 

Screening Methods 

Also provided by die present invention is a mediod of screening a substance for 

effecdveness in ledudng the inflummatuiy cespunse of colids by modulating IL-13 activity 
IS comprising: a) obtaining an animal having colitis; b) admimstering the substance to an animal; and 

aiuaymg the animal for an effect on TT^l 3 activity which results in the reduction of the 

inflambmtoiy response of the colitis, thoeby identifying a substance effective in reducing die 

infffl mmfl tniy rcsponse of colitis by modalating IL-I3 activity. 

The ability of a substance to reduce the colitis inducing effect of 11^13 can be determined 
20 by evaluating the histological and clinical manifestations, as set forth above, of the animai witii 

colitis before and after admidstration of the substance of interest and q[uatttitating the amount of 

leducdon of the inflammation. 

The animal in which the colitis is produced can be any mammal and can inchide but is not 

limited to mouse, rat, gumea pig, hamstei, rabUt, cat, dog, goat, monkey, and diimpanzee. The 
25 colitis can be produced in the animal by any method known in the art For example, the colitis can 

be produced by introducing into the oolun tif die animal an effective amount of a hapten reagent 

The hapten reag^t can be, but is not HmitBd to^ ootazolcme (4-ettioxymeth^ene-2-phenyl-2- 

azazoliD-5-one). 

The present invention also provides a method of screening a substance for effectiveness m 
30 ledttdng the inflammatory response of colitis by modnlating NK-T cell activity coonprising; a) 

obtaining an unimal having colitis; b) admhustering the substance to an animal; and c) assaymg the 
animal for an ^ect on NK-T cell activity which results in die reduction of the inflammatory 
lesponse of the colitis, thereby identifying a substance effective in redudng the inflammatory 
response of colitis by modulating NK-T cell activity. 
35 The ability of a substance to reduce d)e colitis inducing effect of NK-T cells can be 

detezmined by evaluating the histological and clinical manifestations, as set fbitb above, of the 
animal with colitis before and after adnmnstmtion of the substance of interest and quantitating the 
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amount of rcducdon of the inflammatioiL One aS skill in the art can also quantitate tbe number of 
NS-T cells by methods standard in the axt and tttose desoibed herein in order to ddexndne if die 
substance reduces die number of NK-T cells, as detertmned in lamina propia cells or FBM 

The animal in which the colitis is produced can be any mammal and can include but is not 
5 Hmited to moase> rat guinea nig, hamster, rabbit, cat doe, goal, mmlcgy, ttnd rhimp gnT^i. xhe 
cofitis can be produced in the animal by aoy method knows in die art. Rjr exanqile. tbe colitis can 
be produced by introducing into the colon of the animal an effective amount of a hapten reagent. 
The hapten reagent can be, but is not limited to, oxazolooe (4-ethoxymettaylene-2^benyl-2- 
oxazolin-5-one). 

10 Tbe present invention also provides a method of screening fur a substance effective in 

preventing tbe inflammatory response of colitis by modulating lLrl3 activity comprising: a) 
administering the substance to an animal susceptible to coHtis:b) subjecting the animal to treatment 
that will induce an inflammatory response; and c) assaying mflammatoiy tissue cells &om the 
animal for an amount of secretion of I£^13» yrhssdby a decrease or lack of increase in the amoujit of 

15 IL-13 in die inflammatory tissme cells of the animal as compated to an inemasft in ainft Mnr nfn^ 
13 in a control animal having colitis in ifae absence of the substance identifies a substance that is 
effective in preventing the mftamniafri f y response of colitis by modulating ILrl3 activiiiy. 

The methods of measuring the amount of IIrl3 in inflammatoiy tissue include, but are not 
limited to, EUS A. PCR. FACS analysis, reverse-transcriptase-polymcnise diain reaction and 

20 EUSPOT. Nortfaem blots, Soudiem blots, and Western Mots. 

Also provided by the present invention is a method of screening for a substance effective in 
preventing the inflammatory response of colitis by modulating NK-T ceU activity comprising: a) 
administBring the substance to an animal susceptible to colitis; b) subjecting the anima] to treatment 
ftat will induce an inflammatory response; and c) assaying die animal for an effect on NK-T cell 

25 activity, whensby a decrease or lack of increase in NK-T cell activity in the inflammatcay tissue 
cells of the animal as compared to an increase in NK-T cell activity in a control animal having 
colitis in the absence of the substance identifies a substance diat is effective in preventing the 
inflammatory response of colitis by modulating NK-T cell activity. 

. One of skill in die art can utilize roediods standard in the art as well as those described in 

30 die Exanqiles to quantitate NK-T cells m inflammatory tissues. 



Therapeutic Uses 

The substances of tbe present invention can be delivered at effective amounts or 
concentrations. An effective doncentration or amount of a substance is one that results in treatment 
35 fx prevention of the inflammatory response of colitis. One skilled in tbe art wouki know how to 
determine an effective concentration or amount according to methods known in the ait, as well as 



21 



-26- 



wo 2004/001655 



PCi7US2002/o»nyo 



provided herein. Oneof skill ia the ait can utilize m vitrois^&ys to optimize tlie in vnw dosage of a 
particular substance, iscJudisg conceotratioD and time course of adininistratian. 
ITie dosage raoges for the administration of the substances are those large enough to produce the 
dcsiiod effect in which d» symptoiiis of the disorder ore affected. The dosage should not be so 
5 large as to cause adveise side effects, such as unwanted cross-ieactions. anaf^ylactlc reactions, end 
the like. QeneiaUy, the dosage \viU vary with the age, condition, sex and extent of th^ disease in the 
patient and can be deteimined by one of skill in &e art The dosage can be adjusted by die 
individnal i^ysxdan in the event of any counterindications. Dosage can vary, and can be 
adminismred in one or more dose admaustrations daily, for one or several days. 

10 For example, to CTBloatc die efficacy of beatment of hmnans widi a disoidex cfaaiacterized 

by cohtis, such as for example, ulcerative oohtis, wifli a substance that tt^^'"*^ ILrl3 activity, Ibe 
fdlowing studies can be perfonned. Patients widi active inflammation of die coIod and/or the 
tenmnal ileum who have failed standard medical therapy, which can include prednisone aod/or 
other immonomndulntnn known hi the ait (parenterally or ozally) for control of tiie disorder can be 

15 selected. Drug efficacy can be monitQied via colonoscopy. Patients can be landomized to two 
different protocols. In one protocol, subjects can remain on initial medication and in tfse second 
protocol, subjects can have their medication tapeied after nsceiving die substance lhat modulates IL- 
13 activity. 

In one embodiment, treatment can consist of either a single dosage of 1 mg to 20 mg/kg of 

20 body weight of a substance diat modulates JL-13 activity and/or NK-T cell activity. In one 

example, an antibody to IL-13 is infused over a two' hour pedod or a weekly dosage of I mg to 20 
mg/kg of body weight of antibodies to 7L-1 3 Infused each time over a two hour period until 
symptoms of colitis subside. The blood pressure, pulse and temperature of the subjects can be 
monitoxed pdor to and at 30 mimite intervals during the two hour infuaioD period. Subjects can be 

25 given a laborattuy evaluation cansistiDg of a complete blood coont (CBQ with differmtial, platelet 
count, SMA-18 chemistry profile, eiythrocyte sedimentation rate (ESR) and a C-nactive protem 
assay at 1) the time of anti-IL-13 inftision; 2) 24 hoims after infusion; 3) 72 hours afUr hofiision; 4) 
two weeks after the last mfusion; 5) fcHir weeks after the last infusicm; (6) six weeks after the last 
infusion; and 7) eight weeks afkx the last infusion. Similarly, an antibody dut modulates NK-T cell 

30 activity can be administered accocding to die same protocol 

Subjects can also undergo routine colonoscopy widi video surveillance at the time of the 
infusion of a substance that moduktes IL-13 acti\'ity and/or NK-T cell activity and again at two, 
four, six andeigiht weeks after die last infusion. Additionally, scnun samples &om the subjects can 
be assayed by EI .ISA for 11^13 activity and/or NK-T cell activity levels to monitDf drug efficacy. 

35 Also, tissue biopsy samples obtained during colonoscopy can be cultured for purified, isolated 
lamina propla cells and assayed as well. Purified FBM can also be isolated^ cultured and assayed. 
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ComposHioiis identified by screening widi dlsdosed coni]M>sltioDS / combinatorial chemistry/ 
Computer assisted drug design 

The disclosed compositions, such as H^U, CDl, CDld, Val4, Val4Ja28i; Va24, 
Va24Jal 8» IL-13Ra» or IL-1 3Ra2 or fistgrnents thereof can be used as targets for any molecular 
modeling technique to identify either fte structure of die disclosed conqxjsitions or to identify 
potential or actual molecules* sudi as small molecules, which interact in a desired way with the 
disclosed con^ositiom. 

It is undexstood that when using die disclosed conjjositions in modeling techniques, 
molecules, such as macromolecular molecules, will be identified that have particular desiied 
properties such as inhibition or stimulation of dio target molecule's function. The mniiv^iiii^ 
idotttified and isolated when using the disclosed compositions, such as IL-13, CDl, CDld» Val4, 
Val4Ja281» Va24, Va24Jal8, H^lSRo, or E^13IUx2, are also disclosed. Huis, die products 
produced using the molecular modeling appioadies that involve the disclosed compositions, such 
as, IL-13. CDl . CDld, Val4, Val4Ja281, Va24, Va24Jal8, lUURo, or IU13Ra2, are also 
considered herein disclosed. 

Thus, one way to isolate molecules that bind a molecule of choice is through rational 
desigu. This is achieved through stnicniral information and computer modeling. Computer 
modeling technology allows visualization of the duee-dtmensicnial atomic structure of a selected 
molecule and the rational design of new compounds that will interact wcdi die molecule. The three- 
di m m sion a T construct typically depends on data frcnn x-ray ciystallographic analyses or NMR 
imagin g of the selected molecule. The molecular dynamics require force field data. IliecQn^uter 
gnq>hic8 systems enable prediction of bow a new compound wiU HNK-To die target molecule and 
allow e^qwiiincnta] manipulation of the atiuulmes of die compound and target molecule to perfect 
binding specificity. Prediction of what the molecdo-compound interaction will be when sTn « n 
changes are made in one or both requires molecular mechanics software and computationally 
intensive computers* usually coi^led with user-fiiendly, menu-driven inter&ces between die 
molecular design program and the user. 

Examples of molecular modeling sysltsm are die CHARMm and QUANTA programs, 
Polygen Corporation, Waltham» MA. CHARMm perfoims the cn^gy minimization and mdecular 
dynamics fimctions. QUANTA perfonns the coostmction, graphic modeling and anafysis of 
molecular stmcture. QUANTA allows interactive construction, modification, visualization, and 
analysis of the behavior of molecules with each other. 

A number of articles review ccnnputer modeling of <frngB interactive with specific proteinsi 
such as RoUvincn, et al., 1988 Acta Pharmaceutica Fennica 97, 159-166; Ripka, New Scientist 54- 
57 (June 16, 1988); McKiualy and Rossmann. 1989 Annu, Rev. Pharmacol Taxtciol. 29, 111-122; 
Perry and Davies, QSAR: Quantitative Stmcture-Activitv Relationships in Drug Design pp. 189- 
193 (Alan R. Uss, Inc. 1989); Lewis and Deaii. 1989 R. Soc. Lond. 236, 125-140 and 141- 
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162; and, with respect to a model enzyme for nucleic add componenla. Askew, et al., 1989 /. Am. 
Ckem, Soc 111, 1082- 1090. Other oompater programs that screea and graphicaUy depict chemicals 
arc available fiom conqnuiies such as BioDesign, Ihc Pasadena, CA., AUelix, Hoc, Mississauga, 
Ontado, Canada, andEypercube, Inc., Cambridge, Ontario. Although these are primarily designed 
5 for applicatioii to drugs specific to particalar proteins, Ihey can be adapted to design of molecules 
specifically interactiDg with specific regions of DNA or RNA, once ttiat negioD is identified. 

Although described above with reference to design and geoeration of compounds which 
could alter binding, one conld also screen libraries of known componnds» inclodiAg natural products 
GET fiyntfaetic diemicols, and bicdogically active materials, including i»oteins, for compounds which 
10 alter binding specifidtyf(v]L-13 Grimy other coii]ix>sicion described hereiiL 

Compositions with simflar ftmcti(Mis 

It is understood that the compositions disclosed herein have certain functions, such as 
binding IL-13. GDI. CDld, Val4. VaI4Ja281, Vot24, Vc(24Jal8, n-^13Rtt, or IL-13Ra2. 

IS Disclosed herein are certain structural requirements for pei fo iin i ug die disclosed fbnctiottS* and it is 
understood that there are a variety of .stmctures which can perform the same function which are 
related to the disclosed structures, and that these stiucuires will ultimately achieve the same result, 
for example inhibitioQ of NK-T cdls or IL-13 production, secretion, or action. 

The following examples are put forth so as to provide those of ordinary skill in the art with 

20 a complete disclosure and description of how the compounds, contpofiitions, articles, devices and/or 
meduxts claimed herein are made and evaluated, and are intended to be purely exemplary of die 
invention and are not intended to limit the scope of what die inventors regard as fl>eir invoition. 
Bfforts have been made to ensure accuracy with respect to nondsers (eg., amounts, temperature, 
etc.), but some errors and deviations should be accounted for. Unless indicated odberwise, parts are 

25 parts by weight, temperature is in "C or is at ambient temperature, and pressure is at or near 
atmospheric. 

EXAMPLES 

30 In the present invention, a mouse model of oxazolone colitis was utilized Id study Th2 

cytokine production. In the Th2 model of oxazolone colitis, colitis ia induced by the intza-iectal 
administrBtion of the haptenatiog agent oxazolone in an ethanol vehicle. In this colitis, initial toxic 
effects of the inducing agent lead to a flooding of the lamina propria with bacterial antigens and 
thus the induction of an immune response that leads to further inflammation. The latter is driven by 

35 the production of Tb2cytcd3ne3 since the inflammation is characterized by increased JL^A and IL>S 
secretion and the infiammation can be ameUorated by the admiiustretion of anti-IL-4 (Boirivant et 
at. 1998). 
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The present invention provides the suiprising result that oxazokxie ooilitis U mediated by 
KKrT cells callable of producing lazge amounts of Th2 cytokloes when stimulated by either and- 
CD3 or aOalCer. ImtiaUy, this consists of ILr4 secretion, which is rapidly supeiceded by IL-13 
secFBtion. Hiis IL-13 response oi^gfaiates fiom NK-T cells lespooding to CDl-xncdiated antigen 
5 presentation and appeazs to be a key component cf the inflammatioD, as neutralization of 

prevents development of oocazolooe colitis. Given the resemblance of mazcdooe colitis in mice to 
ulcerative colitis in hiunaii5» these data indicate that similar tteatment of human inflammatoiy 
disease would be efFective. 

10 Mice and in vivo Treatment Protocoh 

Male C57B1/10 mice weie obtained from a breediiiig facility maintained by the National 
Cancer histitute CNQ. Bethesda, MD) and were housed under sperafic pathogen free (SPF) 
conditions. 5 to7 weekoldmice w6reusedforaUe3qperimenls. B6xI29Sv-CDl KO nsce were 
received firom Bxley/Balk (Oil et al., 1997; Smiley et al., 1997), CS7B]/6-Jo^l KO mice were a 

15 generous gift frQmI>r. Tonigucfai (Cm ct aL, 1997) and bred at the animal facility at Brigham and 
Women's Hospital. Harvatd Medical School, Boston, MA. Oxazolone (4-£dioxymethylene-2- 
Phenyl-2>-OxazoIine-5-Qtte) was obtamed from Sigma-Aldricb (St Louis. MO). In order to 
presensitize mice a 2x2 cm field of the abdominal sldn was shaved and 200 pi of a 3% (w^) 
solution in 100% ethanol qiptied. 3 days after presensitizatlon mice were rechallenged intia- 

20 rectally with ISO ill 1% Qxalone in 50% ethanol or only 50% ethanol (i^ vehicle) under general 
anesthesia witii isoQutane (Baxter, Deerfield. IL). hitni-r^tal injection was administered with a 
polyusethane umbxKcal catheter (Shexwood, St Louis, MO). Neutzalization of 11^13 in vivo was 
performed with IL*13Rcx2-Bc. hfico voceived 5 x 200 Mg of control proidn or IL-13Ra2-FcN 
starting on die day before presensitization i.v. and then every other day ip. Depletion of NKl.I-1- 

25 cells was achieved by iigectiiig 250 |ig anti-moose NKl.l monoclonal anriborileR (clone PK135) Lv. 
48 h before and after sensitization. Conlrol mice reed ved mouse Igf^ FACS analysis of 
spleenocytes from treated animals showed that NIC as well as NK-T cells were con^Ietely depleted. 
Antigen presenlaUua by GDI molecules was blocked in vivo with anti-mouse CDLl (clone 20II2, 
giftfrQmA.Bendelac) Mice wero iiQected witii Img antibody evexy 2 days. 

30 

Htetoiogy 

Mice were euthanized 5 days after induction of colitis. The colons were removed and 
segments fixed in formalin (^sher. Fair Lawn, NJ). After paraffin embedding 5 pm sections were 
cut and stamed witii Hematoxyhn/Eosin (Leroer, New Haven, UT), 

35 
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Cdl iKolfltlon and Cytokine Production 

Splcenocytes (SPC), mesenteric lymph node cells (MLNQ or lamina propria cells wea« 
isolated OD day 2 or day? after colitis induction. CeOs were isolated as described in detail in 
Onient Protocols of imminology (Schriffclo, 2002). Id brief. LPMC were isolated after removal 
5 of epithelial cells by incubation of colon strips in HBSS/2.5 mMEDTA. Mononuclear cells were 
released by digesting the tissoe io I5(X>VES media suppl^^ 

collagenase (Rocbe, liwfianapoUs. IN). 10 jig/inl DNAse 1 (Roche) and 1 MgM Gentanricin 
(BioWMttaker, WalkErsviUe, MD). Rnafly , leukocytes were separated from epithelial cells by 
ccntrifugationinaPER00Il.gradiem(Ainei8ham,Pisciitaway,N^ MLN cells 

10 and spleenocytes were isolated by grinding fee tissue in a petri dish and filtering the cell suspension 
through a 40 lunmesh. Spleen cells were treated with ACK lysis buffer to lyse red blood cells 
^osonice,Ctaiarillo,CA). MtianyCD3cclb were isolated wim moose Th»U selection 
<IW3),MiimcapoUs,MN) according to the manufacturer's instructions. Purified CD4 cells were 
puddvely selected widi CD4-bead8 and MACS mini cohmms (Miltenyi, Aubuni, CA) accoiding to 
15 the manufacturer's instractions. Cells were cultured in RPM1640 sopplemented wib 10% FCS, 
20iiiMHEPES, 5%NCTC, 2mM Glutamme. 50 jig/ml Penicillm/Streptomycin, 50 jig/ml 
Gentamicin. 50 plM 2-inercaptocthanoU and SOU ihu IL-2. T cells were stimulated in vitio with 
plate bound anti-CDS (10 |igAnl 2C11, Fhanniogen, San Diego» CA) and sohibk anti-CD2fi (1 
lAg^ml clone 37.51, Phamringen). To stimulate lymphocytes with aOalCer a fibroblast cell line (L- 
20 929) transfected with mouse CDI as antigen presenting cells was used. GDI transfectcd CLCDl**) 
or untnnsfected C*LC") were a kind gift by Dr W. Paul (Cheo and Paul, 1 997). L^»ns were treated 
for 1.5 h with Mitomycin C and seeded at IxlO^cells/mL oGalactosyl-Ceramide (aGalCer;Kirin, 
Tokyo, Japan) or vehicle was added at lOOngtaL Lynq)hocyte concentration was generally IjUO* 
cdlsAnL Afitcr 48 hculuire^supenuktants were harvested and {Stored at -20*^ imtilfiir^ 
25 TLr^ and IL-5 were measured with OptEIA EUSA sets £romPhanxih%en. IL-13 was measured with 
a Quantikine M £US A kit £rom R&D CMmneapolis. MN). 

PACSanalTOis 

CeDs were stained with antibodies to CD3 (2CU). CD4 (RM4-5). NKl.l (PKI36), Ly49C 
30 (5E6), Ly6C (AL.21), and DX5 after incubatioD wiA BkBIocIc (2.4G2) (all BD Pharajrogen). 
Surface staining was analyzed on a FACScanner (Becton-Kckinson, Mansfield, MA). RelaUve 
numbeis were calculated with CellQuest software after gating on living lyn^bocytcs in the scatter 
diagram. 
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Epknitancous prescnsitiTOtiop and intrarectal rechallenge with oxazolone Igada to Ara^ lg 
promressive oxazolone co Wtig ««gftf gatcd with ThZ cytokine preducttei^ 

• To obtain a moie knig-U vcd« duonic iofUanmatoiy response on the oxazolone colitis 
mouse mode], mice were ptcsensitized with 3% oxazolone by sMn painting 5 days before zectal 
5 chaUeuge and then injected intiaiectally 1% oxazalone to induce colitis. As shown in Hg lA, only 
presensitized mce developed colitis and progressive weight loss, whereas nalVo animals did not 
develop any inflammation. In additl(», as shown in Hg IB, the oofitis induced in this case led to a 
duonic progcessive wasting and weight loss so that after 7-10 days most animals had lost 40% of 
their initial body wel^t and were moribund. Histological examination of the colon at days 7-10 

10 showed a massive bowel wall edema and infiltration by leukocytes. Ihe superftdal layers of the 
mucosa show dense infiltrations with small polynuclear grannlo^tos and huge ulcerations 
intemxptiog the layer ci enterocytes are present As shown m Hg 1D4E» dils faistopatfaological 
picture is similar to that seen in human ulcerative colitis suggesting that a similar pathological 
mechanism contiibutes to tissue damage in both inflammations. Hnally, as shown in Fig 2A, 

15 nKmoouclear cells isolated from the lannjiapn3pnaCI^^ 

spleen (SPC), and then stimulated with anti-CD3/anti-CD28 in vitro produced large amounts of Tb2 
cytokines (JOLrA, IL-5, 11^13) but only low levels of IFN-y* Oa the contrary LPMC isolated &om 
mice with INBS colitis produce undetectable levels of IL-4 and ILr5, and only low levels of Ilrl3. 
but very high amounts of TNBa. 

20 

lL-13 prociuction in «M roz«^ne colitis increasea during thf n^^nu^ faingmnmifl oii and Is 
essential for the Induction of the colitis 

TLr4 production by IPMC isolated at different time points dnring (he coarse of oxazolone 
colitis gradually decreased, la contrast, IL-13 production)^ LPMC (as well as MLMC or spleen 

25 MQ dining the same timeframe iucteased (Hg 2B). This phenomenon has beoi obsenred in other 
anhnal models mediated by Th2 cells (Minty et al., 1997; I^ban et aL. 1998). To establish a 
pathogenic role for IL>13 in oxazolone colitis, IL-13 was neutralized by in vivo odministrBtLOD of 
II^13Ra2 fused to the Fc portion of human IgQI (IT^13Ra2-Fc) at the dme of mtra-rectel 
oxazolone administration. The a2 chain of the 11^13 receptor has a 100 fold faigber afSnity to n^l3 

30 than the al chain, but only the latter transmits an iotcaoeUular signal alter engagement The IL- 
13R0(2-Fc fusion protein binds IL-13 and has been shown to neutralize IL-13 boactivity in vivo 
(Donaldson et al., 1998). As shown hi Ftg 3, mice treated ^th II^13RQe2-F6 wen protected from 
induction of oxazolone colitis: after an initial transient wei^t loss similar to tliat seen with ethaool 
alone, they regained their initial body weight by day 3 and on day 5 colcoic histology was 

35 indistioguxsliable from that of mice that were given edianol alone. 
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NKl.l-positiyc ccDs are essential for the md iicti<m of oxazolope coBtis 

As alluded to above, mooonuclcar cells isolated ftom mice with oxazolone colitis produce 
increased amounts of IL-i3 in vitro when stimulated with aiiti-CD3 and anti-CD28. However, 
when these monoaucleair pclb were pmificd by a negative selection coifaiinn to eoiidi fbi CDS' 
5 positive cells , this stunulatioD led to greatly decreased IL-13 production (not shown). Since the 
selection column contains glass beads coated with anti-mouse IgG. it retains cells tiiat express Fc- 
leceptocs (CD16 or Q>32) and are coated with immunoglobulins; (fans it was possible that IL-13 
production by anti-CD3-stimulated LPMC in oxa2olone colitis requires a Fc-receptor-positive cell. 
In addition to mast cells and B-lymphocytes, NK and NK-T cells express CD 16 (Koyasu. 1994) and 

10 are capable ofprodudngILrl3(TerBbeetal., 2000). Toinvestigateif either of the latter two (and 
mote likdy) cell types are involved mice were depleted of NK1.1 cells by repeated izyection of 
monoclonal anti-NKLl antibody (PK136) before challenge with oxazolone. Such treatmoit 
depleted all NK and NK-T cells, as detemdned by DXS and NKl. 1 staining of splenocytes. As 
shown in Fig 4A4-B, it was found that di^letsd mice did not develop weight loss or 

1 5 macroscopic/micioscopic evidence of colonic inflammation and did not manifest increased Th2 
cytokine production after intra-rectal challenge with oxazolone. 

In further studies to determine if (his pathogenic role for NKl.l positive ceils is specific for 
oxazolone colitis. NKl.l-d^Ieted CSTBl/tO mice were compared wUb untreated CSTBVIO mice in 
their susceptibility to TNBS-colitis, a Thl model of colitis lesembling human Crohn's disease. As 

20 shown in Hg 4C+D, depletion of NKl. l4cells does not significantly influence weight loss <xc 
noortality of mice willi TNBS colitis, and notably, there was a trend to higlier weight loss in 
depleted mice. These results suggest that cells bearing NKl .1 in the mucosa play, if anythmg, an 
inhibitory role for tite induction of a Thl inflammation in TNBS-colitis. an effect previously noted 
in odier modek of Thl-mediated intestinal inflammations (Saubennann et aU 2000). 

25 

GDI antigen presentation is required for the induction of oatazolone colitis 

Wbsveas the aibove studies show that oxazolone colitis is mediated by NKl. l^positive cells 
they do not provide infomiation on whetiicr the latter cells are NK cells or NK-T cells, as NKl . 1 is 
present on both of these cell types. To address dus issue, whether oxazolone cotitis was affected by 

30 blockade of antigen p»sentation by GDI molecules which a£fects activation of NK-T cells but not 
the activation of NK cells was examined. This was accomplished by administration of a 
monoclonal anti<3)l antibody that has been shown to block CDl in vivo witiiout depleting NK-T 
cells and witiiout affecthig antigen-presentation by MHC class II 0*aik et at, 1998). As shown in 
Kgme S, administraticm of this antibody at die time of intra-rectal oxazolone administration 

35 prevented development of oxazolone coHtis. 

As shown in Rgure 5B. these results were confinned with studies of CDl-KO mice, in 
which it was shown that hitra-rcctai administration of oxazcdone to pre-sensitized mice do not 
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develop colitis nor a colonic Th2 response. I>cspite the absence of NK-T cells the CDl-KO mice 
have been shown to be fiilly capable of mountiDg ThZ responses (Smiley et aU 1997). Thns, this 
icsalt cannot be attxibulBd to an intnnsic faihue of the CD 1 KO to mount a Th2 response. 

Finally it was found that Ja281 KO mice are resistant to the induction of cotozalonc colitia 
5 (Figure 5B). While most CDl restricted NKT cells utilize the canonical Vol4Ja281TC3R, some 
results suggested the existence of NKT cells with otiber ICRs. These "atypical" NET cells are 
present m die Ja281-KO mouse, but proved to be insufficient to mduce an inflammatory respoase. 
Takien together, data from the antibody-treated and KO mice show that oxazolone colitis is 
dependent oq Hie inductioa cf T cells by CD l-restxicted antigens and that the T odls are 
10 NKl.l+Jce28l4CD16K3>M- cells. 

NK-T CCDs undcrgp expansion dmrtia r^w^l^a ^uu. 

In. fintfaer studies whether or not NK-T cells infiltrate Ae lamma propria of mice with 
oxazalone ooHtis was detezmined. Hower\'ert this goal is made dilHcult by the fact that whereas 

15 NKl.l is a &egnenCma±er oTNK-T cells, T cells widi NK-T ceD function have also been identified 
io the NKLl-negativepopuladoo. In addition, most MK-T cell maricers are dependent on the levels 
of cell activation. Thus. NK-T cells lose dieir expression of NKl.l upon activation (Chen and Paul, 
1997) and another NK/NK-T cell Tnafker. Ly49C, is upiesal^ ui activated NK-T cells. Beside 
activation. NKT cells fram {Efferent tissues co-express different suirogata madcers of NK cell 

20 function togedier widi the TCR. With these limitations in mind, it was found tiiat during the course 
of oxazolone colitis total lyniphocyte numbers expand significantly m the lamina pnopcia (- 10- 
fold), Uver (--6 fold), mesenteric lyn^ nodes (-50 fold) and spleen (-2 fotkl). Moreover, in the 
lamina propria and in the fiver the relative number of NK-T cells expands in relation to other cell 
populations. Thus, in die lamina propria ftom untreated mice 7% (NKl.l) or 0.4% (Ly49C) of the 

25 T cells co-express an NKT cell marker. After induction of oxazolone colitis 21% of the infiltrating 
T-cells are NK1.1 positive and 34% are Ly49C positive. In the liver, where the highest percentage 
of NKT cells can be found. NKl.l expression on CDS positive cells increases from 9.99& to 48% of 
cells, while Ly49C expression is low. For unknown reasons. NKT cells are absent from mftWinttdc 
lymph nodes even after colitis induction: at tids site, less than 1% of die cells can be identified as 
30 NKT cells. Hnally, in the spleen of untreated mice 3.1 % of CD3-posjtive cells are NKl. 1+, and 
after induction of oxazalone colitis 5.1% becuns NKl. I positive, wtule die nuniber of Ly49C+ 
ceUs hicreases from 0.6% lo 28%. To summarize these findings, T cells with surrogate mmtcezs of 
NKT cell function expand in the lamina propria, die liver and the spleen. 

35 CD4+ NK-T cells nrodnce IL-13 in response to CDl antig en presentatioa 

Rnally, to investigate the cytokine production of die UPMC and SPC in response to antigen 
presented by CDl, dicse cells were stimulated with aGalCcr, a synthetic glycolipid that has been 
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found to acdvBte most NK-T c&ll lines in a GDI-dependent fashion (Kawano et aL, 1997). hSBC- 
class Siestncted TceUs and NK cells are not a£fected by oOalCer, thus stimnlatian widi aOalCer 
iqtresemsawayCoassessNKToeUactivatkmiDuns^aratedceUinntiro As showninF3guie6, 
when LPMC or SPC ftommioe wilfa oxazolone colids were stimulated with oOalCer they produced 
S large axiiDimts of Tb2 cytokines, indodmg very high azixnmtsQ^ In addition. CD4-positive 
cells isolated by MACS from LPMC or SPC also responded to aGalCer with very high 11^13 
pioductiGD, huticafinc tfaat many of the CD4f cells io ceH popalations from mice with nxazolone 
colitis are CDl-nstrided NK-T cells. 



10 Comparative Stadiesi C»>1m»f| mimn TyiccratiTO coHds 

tn studies compaiing Crcdm's (fisease patients witfa ulcexative coGtis patients, increased ILr 
13 productioo fnm lanmna praida cells of ulcerative colitis patients was observed as conoiparcd to 
Crohn's disease patients. FACS data compaiing the two groups also showing an increased ntmibw 
of NK-T cdls in the peripheral blood and lamina propria from ulcerative colitia patients as 

1 5 conq>ared to Cn^*s Asease patients.. 

Thiou^out this application, various publicatioDS are r^ereoced. The disc!osurc« of these 
publications in their entireties, as well as die references cited in these publications, are hereby 
incaxporated by reference into ttiis appfication in order to more fidly describe the state of the art to 
which this inventioD pertains. 
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O THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

CM 

Oh 

^ I . A method of treating or preventing (he inflammatory response of ulcerative 

colitis in a subject comprising administering to the subject an effective amount 
^ 5 of a substance that binds NK-T ceJIs and maintains or reduces the number of 

NK-T cells in the subject. 
2. A method of treating or preventing the inflammatory response of ulcerative 

colitis in a subject comprising administering to the subject an effective amount 
of a substance that binds NK-T cells or antigen presenting cells and maintains or 



in 



CS| 10 reduces NK-T cell activation by antigen presenting cells. 

§ 3. The method of claim I or claim 2, wherein ihe substance is an antibody. 

^ 4, The method of claim 3. wherein the antibody prevents antigen recognition. 

5. The method of claim 4, wherein the antibody binds to CD 1 . 

6. The method of claim 4. wherein the antibody binds to Val4 Ja28 1 . 
15 7. The method of claim 4. wherein the antibody binds to Va24 Ja 1 8. 

8. A method of treating or preventing the inflammatory response of ulcerative 
colitis in a subject comprising administering to the subject an effective amount 
of a substance that maintains or reduces IL- 1 3 activity. 

9. The method of claim 8, wherein the substance reduces IL- 1 3 production. 
20 '10. The method of claim 8, wherein the substance is an antibody. 

1 1 . The method of claim 8. wherein the substance is IL- 1 3Ra2-Fc. 

12. The method of claim 10. wherein the antibody binds to IL- 13. 

1 3. The method of claim 10, wherein the antibody binds to the IL- 1 3Ra2. 

14. The method of any one of claims 1 to 1 3» wherein the subject is a mouse. 
25 15. The method of any one of claims 1 to 1 3, wherein the subject is a human, 

16. The method of any one of claims I to 15, wherein the ulcerative colitis is 
oxazolone colitis. 

1 7. A method of screening for a substance effective in preventing the inflammatory 
response of colitis by modulating iL-13 activity comprising! 

30 a) administering the substance to an animal susceptible to colitis; 

b) subjecting the animal to treatment that will induce an inflammatory 
response; and 

c) assaying inflammatory tis.suc cells from the animal for an amount of 
secretion of IL-13, whereby a decrease or lack of increase in the amount 

35 of IL- 13 in the inflammatory lissue cells of the animal as compared lo an 

increase in the amount of IL-13 in a control animal having colitis in the 
absence of the sub.Mance identifies a substance that is effective in 
36 
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O preventing the inflammatory response of colitis by modulating IL* 1 3 

^ activity. 

^ 1 8. A method of screening for a substance effective in preventing the inflammatory 

response of colitis by modulating NK-T cell activity comprising: 
^5 a) administering the substance to an animal susceptible to colitis; 

b) subjecting the animal to treatment that will induce an inflammatory 
^ response; and 

c) assaying the animal for an effect on NK-T cell activity, whereby a 
decrease or tack of increase in NK-T cell activity in the inflammatory 



CN 10 tissue cells of the animal as compared to an increase in NK-T cell 

§ activity in a control animal having colitis in the absence of the substance 

^ identifies a substance that is efTective in preventing the inflammatory 

response of colitis by modulating NK-T cell activity. 

1 9. The method of claim 1 7 or claim 1 8, wherein the animal has an established 

1 5 colitis produced by introducing into the animal's colon an effective amount of a 

hapten reagent. 

20. The method of claim 19, wherein the hapten reagent is oxazolone <4> 
eihoxymcihyIene-2-phenyl-2-oxazolin-5-one). 

2 1 . Use of a substance that maintains or reduces NK-T cell activity in the 

2 0 manufacture of a medicament for treating or prevent! ng the inflammatory 

response of ulcerative colitis in a subject. 

22. Use of a substance that binds NK-T cells or antigen presenting cells and 
maintains or reduces NK-T cell activation by antigen presenting cells in the 
manufacture of a medicament for treating or preventing the inflammatory 

2 5 response of ulcerative colitis in a .subject. 

23. Use of a substance that maintains or reduces IL- 1 3 activity in the manufacture 
of a medicament for treating or preventing the inflammatory response of 
ulcerative colitis in a subject. 

24. A method according to any one of claims 1 , 2, 8. 1 7 or 1 8» or use according to 

3 0 any one of claims 2 1 to 23, substantially as hereinbefore described with 

reference to any one of the examples and drawings. 
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